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SUMMARY 
 
This study focuses on investigating the difference in Warner Brazler Shear Force (WBSF) values of pork meatand 
its reliability between roasting and boiling cooking methods. Ten samples of longissimus dorsi (LD) whole cuts from 
commercial three-way crosswere trimmed to a length of 4 cm thickness each. Each sample was then separated into 2 
groups: Group 1:Roasted with convection oven to internal temperatures of 70°C, and Group 2: Boiled in a water bath of 
80°C for 30 min until internal temperature of 70°C. A total of 57 pairs of cylindrical cores (6-7 cylindrical cores) were 
obtained from each cooked LD for analysis. Difference between the two cooking methods for both the shear force 
values were compared using pairwise student T test statistical analysis and intraclass correlation coefficient (ICC) was 
used to establish and quantify reproducibility for reliability of the measurements. The WBSF values for roasted pork is 
significantly lower (p<0.05) than the WBSF values of boiled pork, with very high ICC between both samples [r=0.905, 
95% CI (0.64, 0.98)]. Bland & Altman plots subjected to limits of agreements (LOA) also showed good agreements for 
all the measurements. Roasting gives a lower WBSF values when compare to boiling (0.51kg difference, 10.89% 
difference). Both roasted and boiled cooking methods can be used to determine the shear force values of pork. 
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INTRODUCTION 
 
With consumer preferences changing towards the 
selections of good quality pork for consumption, the meat 
industry requires reliable meat quality information in 
order to guarantee high-quality meat products for 
consumers. Reliable meat quality information (such as, 
tenderness, flavour, juiciness, colour and etc), can be 
provided by different means of assessment, which may 
include mechanical methods (for example, the Warner-
Bratzler shear force), optical methods (for example, 
colour assessments), electrical probing, ultrasonic 
measurements, electromagnetic waves, nuclear magnetic 
resonance-based metabolomics, near infrared 
spectroscopy and so on (Damez & Clerjon, 2008, Straadt 
et al, 2014).  
For pork, tenderness of meat texture was found to be 
the most important quality attribute to consumers 
(Steenkamp and van Trijp, 1988). Being the most widely 
used and preferred systematic instrumental measures of 
meat tenderness, Warner-Bratzler shear force (WBSF) 
texture analysis is often used for objective instrumental 
approximate of meat tenderness. The texture assessment 
on cooked meat is made by running it through a texture 
analyser or a texturometer or tenderometers, which allows 
tissue resistance to both the fibre shearing and also the 
compression of the meat to be measured (Wheeler et al., 
1997a).  
After its first introduction and establishment of the 
WBSF in the late 1920s, K. F. Warner and his associates, 
it continued to be further refined by other researchers on  
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its specifics (such as the cooking methods before shearing, 
blade shape, blade thickness, shearing speed and etc) 
(Warner, 1952, Bratzler, 1949, Murray and Martin, 1980, 
Murray et al, 1983, Savell et al., 1994, Wheeler et al, 
1994, Wheeler et al. 2005). Research on WBSF are 
mostly done on beef steaks, but T.L. Wheeler and his 
associates have also recommended methods which they 
find to be accurate and repeatable for shear force 
measurement in pork longissimus dorsi (Wheeler et al. 
2005).  
One of the factors affecting the repeatability of shear 
force is the cooking method used, such as the hot water 
bath, belt grill cookery, open-hearth electric broiler 
cookery, and etc (Wheeler et al. 2005). Recent trends in 
consumer cookery methods shows that the consumers’ 
preference of tenderness lean towards the roasted, grilled, 
and fried meat. In a survey done by Ngapo et al. (2012) 
for pork consumers, it was found that 70% of the 
consumers prefer to roast their pork, with only 10% 
preferring to boil their meat in Québec, Canada, while in 
France, it was 30% and 7% respectively (Ngapoet al., 
2004). Preference in Taiwan showed a different trend, 
with 14% of the consumers preferring to roast, while 53% 
prefer to boil (Chen et al., 2010). On the other hand, the 
WBSF protocol commonly practiced in laboratories 
involves cooking the meat in plastic bag in a constantly 
heated hot water baths (boiling cookery method), as 
suggested by Honikel (1998). AMSA (1995) also 
describes the use of oven heating laboratory methods, to 
investigate towards the trends of consumers’ preferences. 
In both cooking both methods, it is recommended that the 
steaks are removed when an internal temperature of 71°C 
is achieved, with similar laboratory procedures for WBSF 
value determination thereafter. However, there are no 
direct comparison and verification between the WBSF 
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values of both methods and its reliability. Due to the 
difference, we have decided to look into the effects of 
different cooking method (the roasting and boiling 
method) on the WB shear force values of pork 
longissimus dorsi.  
The present study aims tocompare the average 
values of the Warner-Bratzler shear force values between 
roasted and boiled pork meat. This study also attempts to 
make a comparison of the reliability of measurements 
obtained from the roasting and boiling cooking methods 
for WBSF values evaluation of pork meat quality.  
 
MATERIALS AND METHODS 
 
Animals 
 
Ten commercial three-way cross longissimus 
dorsi(LD) wholesale cuts with desirable fresh meat 
characteristics, each 10 cm in length were obtained from 
commercial pork outlets of the same areawho obtained 
their pork from a government licenced slaughter house. 
The sampels were each immediately trimmed to a length 
of 4 cm thickness each and separated into 2 groups for 
further laboratory tests.  
 
Laboratory evaluations 
 
Each adjacent sample were separated into 2 groups; 
Group 1: Roasted with convection oven at a constant 
temperature of 80°C to internal temperatures of 71°C, and 
Group 2: Boil in a water bath of 80°C for 30 minutes until 
internal temperature of 71°C. Roasts were wrapped 
individually in aluminium foil and cooked in Kenmore 
electric range (model 103.9367613) at a constant 
temperature of 80°C and the internal temperature is 
monitored by a digital thermometer until it reaches 70°C. 
Warner Bratzler Shear Force (WBSF) of each sample was 
then determined by running 10-cylinder cores of 1.27cm 
in diameter and 2cm in length through a HD plus a texture 
analyser (Stable Micro System, Surrey, UK.), with a V 
blade was used (pre-test speed: 3.0 mm s−1; test speed: 1.0 
mm s−1; post-test speed: 3.0 mm s−1) with a down stroke 
distance of 30.0 mm (De Huidobro et al, 2005; Van et al, 
1999). The resistance of the cores to shearing was 
recorded every 0.01 s and plotted by a computer in a 
force–deformation plot.Drip loss for each samplewas 
measured using the hanging bag method (Honikel, 1998) 
for 24 hours at 4°C.  
 
Statistical Analysis 
 
Difference between the two cooking methods for 
both the shear force values and drip loss values were 
compared using pairwise student T test statistical analysis 
and intraclass correlation coefficient (ICC) was used to 
establish and quantify reproducibility for reliability of the 
measurements. Bland and Altman plot were also used to 
show the agreement in the distribution of the 
measurements for both methods. 
 
 
 
RESULTS AND DISCUSSION 
 
According to the paired student-t test assessment, 
pork LM chops roasted in conventional oven had lower 
(p< 0.05) shear force values (Table 1) than chops 
subjected to the boiling method (4.13 kg vs 4.64 kg). 
Albeit the statistical difference between cookery methods 
in this  
 
Table 1. Shear Force values between roasted and 
boiled pork from 3 pork outlets in Malaysia 
 
Cooking 
Method 
Mean WBSF 
values 
Standard 
Error Reliability 
 
Roasted (kg) 
Boiled (kg) 
 
4.132a 
4.637b 
 
0.214 
0.244 0.905* 
* WBSF values represents the Warner-Bratzler Shear Force values 
 
study, the differences between the shear force values were 
small (0.51kg, 10.89% difference). Therefore, this does 
little to contradict the idea that cookery method has a 
dramatic impact on shear force values, similar to the study 
by Apple et al. (1999), where the difference is (0.20kg, . 
Notwithstanding the significance in the shear force values 
for pork LM chops for different cookery methods, they 
suggested that the variation in WBSF values may be 
attributed to different shearing methodology, such as 
Warner-Bratzler machine, Instron WBS device in 
compression mode, or Instron WBS device in tension 
mode (Apple et al. 1999), which in our study has been 
standardized throughout (using only the Warner-Bratzler 
method) and is ruled out.  
However, the difference between within-subject 
scores is also of interest and taking the mean score of all 
subjects has the potential to provide misleading estimates. 
This is because a high scatter of individual difference can 
result in the difference between the means being non-
significant. Therefore, intraclass correlation coefficient 
(ICC) was also calculated, where the estimated reliability 
between the two cooking methods is 0.905, with 95% CI 
(0.64, 0.98), describing the reproducibility of the WBSF 
values by using these methods for a wide range of values. 
This infers that the WBSF values for both cooking 
methods are consistent, reliable and reproducible for each 
sample, fulfilling the ‘test-retest’ reliability for WBSF 
values for pork.  
This is further re-established by plotting the Bland 
and Altman method of analysis to assess the agreement 
between the two cooking methods on WBSF. The 
difference between the measurements were analysed, 
which was suggested to be more appropriate than a 
reliability coefficient or hypothesis (significance) testing 
(Rankin and Stokes, 1998). The differences between the 
two measures were plotted against the average of the two 
measurements, with the assumption that there is a constant 
level of error, where the mean increases, so does the 
difference. The closer is the mean of the difference to 
zero, and the smaller the value of the SD for the 
differences, the better the agreement between both 
cooking methods.The data obtained from the differences
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Figure 1. Bland and Altman plot for the difference in WBSF values between the replicates used for the roasted 
and boiled cooking methods 
 
in WBSF between the two cooking methods were 
subjected to the 95% confidence intervals for these limits 
of agreement (LOA), calculated by this formula:  
 
Limits of Agreement = (Mean of Difference) ± 2 
(Standard Deviation of Difference) 
 
Where, the means of difference is 0.5047 and the 
standard deviation of the difference is 0.7440. Therefore, 
the LOA obtained is between 1.993 and -0.9833 (Figure 
1). This is superimposed to allthe difference in the 
readings of all the replicates (n=57) used for both cooking 
methods (roasted and boiled). It was found to show good 
agreement for most cases (majority of the difference lies 
within the LOA range; n = 54), but with 3 outliers (the 
values outside the LOA range). Hence, with these 
evidences for repeatability of measurements between the 
two cooking methods for WBSF, both the roasting and 
boiling cooking methods can be effectively used to 
estimate the WBSF values with good agreement with one 
another.  
For both the roasting and boiling methods, there is 
considerable consistency in the data obtain, where both 
methods can be reliably used to estimate pork shear force 
in a laboratory setting. Results from this study suggests 
that the roasting of meat may give chops that are more 
tender than the boiling method, although with very little 
difference between the two (0.51kg). Our findings differ 
from the beef modification of the WBSF method, where it 
was reported that cooking conditions and core orientation 
significantly affected the shear force values (Wheeler et 
al., 1994). They also suggested that steaks be cooked to 
70°C and cored parallel to muscle fibres to detect the 
difference between animals. Albeit being adopted and 
done for both cookery methods in this study, and the 
WBSF values between the two cooking methods were 
found to have little significant differences in pork. This 
suggests that the variability in texture for the longissimus 
dorsi in pork is much smaller than for beef, which could 
be due to a higher degree of localised muscle shortening 
in the beef in comparison with the pork (Dransfield and 
MacFie, 1980). 
There are numerous other cooking methods that 
have been used for research in the past, which includes 
broiling, cooking research samples inside a plastic bag in 
a water bath, ultrasound, microwave, deep-fat frying, 
roasting, impingement oven, and also various methods of 
grilling or broiling (AMSA, 1995, Chrystall, et al., 1994, 
Wheeler et al, 1998). We found that conventional kitchen 
oven roasting and boiling of samples in a water bath were 
found to be widely used locally and are more easily 
accessible. This simulates the daily cooking method 
generally used for pork locally and remains relevant to the 
local consumers. Other methods may require more 
elaborate equipment, such as an ultrasonic cooker, belt 
grills or an open hearth electric broiler and etc are more 
likely to be more expensive, and less assessible to all 
households and hence, less relevant to the general local 
consumers.  
 
CONCLUSION 
 
Cooking methods of pork loin affects the WBSF 
values of LD where roasting gives a slightly lower shear 
force values when compared to boiling. Both roasted and 
boiled cooking techniques can be used interchangeably to 
determine the shear force values of pork in a laboratory 
setting. Both methods are significantly in agreements with 
one another, very reliable and are able to estimate the pork 
quality in a consistent manner.  
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